The serological relationships of 26 strains of rumen Bacteroides species comprising Bacteroides ruminicola, B. amylophilus and B. succinogenes were examined using precipitation, agglutination and fluorescent antibody techniques. With precipitation techniques two types of acid-soluble thermostable antigens were detected, a strain-specific antigen and an antigen demonstrating wider serological relationships. With B. amylophilus and B. succinogenes this latter antigen was species-specific. With B. ruminicokl, although eight out of 12 strains possessed the same species-specific antigen, there was evidence of two other serological groups within the species. Agglutination tests detected only the strain-specific antigens. Fluorescent antibody tests detected species-specific antigens of B. amylophilus and B. succinogenes but with B. ruminicola only the strain-specific antigens could be demonstrated. Preliminary work with B. ruminicola indicated that both kinds of antigen were polysaccharides. Eleven out of 20 freshly isolated strains of B. ruminicola reacted with the B. ruminicola antiserum. When 30 strains of eight other species of Bacteroides were tested against the species-specific antiserum of the different rumen species of Bacteroides, four strains of B. oralis and one strain of B. melanogenicus were found to have a common antigen with that of B. ruminicola, and another strain of B. oralis had a common antigen with another B. ruminicola strain. No other cross-reactions were observed. Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11 On: Mon, 31 Dec 2018 14:50:40 274 M. E. S H A R P E
I N T R O D U C T I O N
The bovine rumen contains a very diverse bacterial flora, and isolation and identification of these organisms, using strictly anaerobic techniques (Hungate, I 950) , are tedious and time-consuming. Among the organisms which may form a significant part of the rumen microflora are Bacteroides species, namely Bacteroides succinogenes (Hungate, I g50), B. amylophilus (Hamlin & Hungate, 1956) and B. ruminicola (Bryant, Small, Bouma & Chu, I 958). The last-named species, which includes strains with somewhat variable physiological characteristics, is further subdivided into two subspecies, B. ruminicola var. ruminicola and B. rurninicola var. brevis. Both varieties of this species may be present in high numbers in animals on many different diets (Bryant et al. 1958) . A serological study of strains of rumen Bacteroides was undertaken to see whether various serological techniques could be used as a means of more rapid identification of these organisms, and also whether the antigenic relationships were correlated with the physiological characteristics defining the three species.
Sonnenwirth (I 960) investigated strains of Bacteroides and closely related organisms from human sources, and included three rumen strains: two of Bacteroides ruminicola and one of B. succinogenes. Using thermostable polysaccharide extracts of organisms for haemagglutination and gel diffusion tests, he showed that some of the or anisms could Bryant (1966) , in which starch was omitted and glucose (0.1 %, w/v), maltose (0.1 %, wlv) and cellobiose (0.1 %, w/v) were present. Cleland's reagent ( I O -~ M) was also added (Sharpe, Latham & Reiter, 1969) . In some of the later work the concentration of maltose was increased to 0.5 % (w/v), as this gave a greater yield of B. amylophilus (Blackburn, 1968) . When a solid medium was required, 1-5 % (w/v) agar was added. For all cultural work the anaerobic techniques of Hungate (1950) were used, organisms being cultivated at 39" in an atmosphere of oxygen-free COz, and all tubes and bottles stoppered with rubber bungs. Strains were stored on agar slopes of MIO at -60", and transferred to M I O slopes and then to M 10 broth for use. Strains of Bacteroides from non-rumen sources were treated in the same way as the rumen strains.
Vaccines and immunization
At least two rabbits were used for the preparation of antisera against most of the strains used as immunogens. Rumen Bacteroides were not strongly antigenic. Potent antisera were usually obtained only after two to three courses of inoculation. Formol-treated or heat-killed vaccines were equally useful in raising antisera. Whole organisms + Freunds adjuvant gave no better results than intravenous inoculation. Verona1 buffer extracts + Freunds adjuvant produced potent antisera against strains of Bacteroides ruminicola but were not tried for the other two species.
Whole-organism vaccines. Organisms were grown for 18 h. in IOO (wet wt) cells were suspended in IOO ml. veronal buffer, pH 8.4, at 37" for 24 h. and removed by centrifugation. After repeating the extraction the combined supernatants were treated with trichloracetic acid (TCA, final conc. 10 %, wlv). After standing overnight at 4' the precipitate was removed by centrifugation and dissolved in water, and 0.05 M-NaOH added to bring the pH to 7.0. Rabbits were inoculated with 0.5 ml. of this extract emulsified in an equal volume of complete Fruend's adjuvant, using the injection schedule of Gell & Coombs (1968) .
(1948)-
Preparation of bacterial extracts for serological tests
All organisms were grown in IOO ml. M 10. The bacteria were harvested by centrifugation and 0.4 g. wet wt suspended in 2 ml. of extracting agent. A number of different methods was used for preparing extracts in order to determine the most satisfactory extraction procedure. (Wolin, 1966) . Cells were suspended in tris buffer containing lysozyme (100 ,ug./ml.), pH 9.0. After 10 min. at room temperature the pH was adjusted to 7.0 with (b) Acetic acid extract (Freeman, 1942) . To the combined supernatants from cells extracted twice with 0.1 N-acetic acid at 100" for I h. 6 vol. absolute ethanol were added. After standing overnight at 4 O the precipitate formed was taken up in 0.15 M-NaCl, pH 7.0.
(a) Lysozyrne extract
(c) Trichloracetic acid extract (Boivin & Mesrobeanu, 1933 (Araujo, Varah & Mergenhagen, 1963) . Cells were suspended in distilled water and extracted with an equal volume of 90 % (v/v) phenol at room temperature by stirring in a Waring blender for 15 min. The water phase was separated and dialysed for 48 h. at 4' using two changes of 0.02 M-phosphate buffer, pH 7.0, and the pH finally adjusted to 7.0. (e) Extract after sonication. Cells suspended in 0.02 M-phosphate buffer, pH 7.0, were sonicated for 15 min. using a Soniprobe (type 1130A; Dawe Instruments Ltd, London). A cell-free extract was obtained by removing cell debris, etc., by centrifugation at 40,ooog.
(f) Extract after autoclaving. The supernatant from cells suspended in 0.15 M-NaCl and autoclaved for 20 min. at 10 lb/sq.in. was used.
( g ) HCl extract (Lancefield, 1933) . The cells were suspended in 0.05 N-HCl in 06 15 M-NaCl, boiled for 10 min., and the pH adjusted to 7.0 after removal of cell debris.
(h) Ether water extract (Ribi, Kelsey & Perrine, 1959) . Excess ethyl ether was added to washed cells suspended in 0. I 5 M-NaCl at I 8 to 20' and the suspension shaken in a separating funnel for 60 s., and left overnight. The aqueous phase was collected, residual ether removed, and the pH adjusted to 7.0.
Wall preparations. Strains were grown in 10 x 500 ml. bottles of medium M 10, the yield usually being about 20 g. wet wt of organisms. Portions of 5 g. wet wt were suspended in 30 ml. 0.15 M-NaCl and disrupted, using the Braun homogenizer (B. Braun, Shandon Scientific Co. Ltd, London). Undisrupted cells were removed by centrifugation at 2200g for 4 min. Walls were separated from the cell sap by centrifugation at 20,ooog for I h. The walls were then washed three times in 0.15 M-NaCl and three times in distilled water and extracted by methods (a), ( g ) Immunodiffusion. The slide test as described by Mansi (1958) was used.
Immunoelectrophoresis. The micromethod of Scheidegger (I 955) was used with 0.02 M-veronal+ 0.004 M-EDTA buffer, pH 8.6, and an applied potential of 10 V/cm. for I h.
Absorption of antisera. Two vol. of antiserum were absorbed with I vol. of washed formolized packed cells.
Agglutination tests. Agglutinable suspensions were prepared as described by Sharpe, Latham & Reiter (1969) and results read after overnight incubation at 50°.
Indirect Juorescent antibody tests. Goat antirabbit y-globulin labelled with fluorescein isothiocyanate (Wellcome Reagents Ltd.) was applied to bacteria which had reacted with immune or with normal rabbit serum. Slides were examined under a Leitz U.V. microscope using UG I + BG38 exciter filters and 430 barrier filter.
Potency of cell extracts. Twofold serial dilutions of extracts were tested by ring precipitin test against antisera, the highest dilution giving a sharp ring being taken as the end-point.
The ring precipitin test was used in conjunction with immunodiffusion. Although the former is less informative than the latter, it is more sensitive and can be carried out rapidly on large numbers of antisera and extracts. Extracts which gave negative results with the ring precipitin test invariably gave negative results by immunodiffusion, hence it was concluded that the ring precipitin method was a reliable screening test. 
R E S U L T S

Bac tero ides r urn in icola Ring precipitin and immunodiflusion tests
Antisera were raised initially against three strains of Bacteroides ruminicola and tested against various extracts of different strains. Two kinds of antigens were found to be present, one being strain (type)-specific and the other, which will be described later, with wider relationships, possibly species-specific.
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Potency of extracts. Extracts prepared from a strain by different methods all gave reactions of identity with each other against the homologous antiserum ( Fig. I) . Titres of extracts of strain R I are shown in Table 2 , using a species-specific antiserum and a strain (type)-specific antiserum. Titres with the type antiserum are much higher than with the species-specific antiserum. Lysozyme-and autoclave-treated cells, followed by HC1-treated cells, gave the highest titres with the species-specific antiserum. When six further strains of Bucteroides ruminicola were extracted by these three methods, two strains extracted by autoclaving failed to react with the species-specific antiserum, whilst the HCl-and lysozymeextracted cells did react. When titres of lysozyme and HCl extracts of the six strains were compared, the titres of lysozyme extracts were variable, sometimes higher and sometimes much lower than those of the HCl extracts. Extraction by HCl was therefore chosen as the reliable method of preparation, but positive results were always confirmed with an extract prepared by another method, usually by autoclaving or by ether extraction, and negative results checked by extracts prepared by several methods. Reaction of antisera. Antisera raised against strains ~6 , R I and ~2 each reacted with HCl extracts of eight of the 12 strains of Bacteroides rurninicola examined, giving in each case a reaction of identity. In addition, the homologous extract gave a second type-specific reaction with its own antiserum. Fig. 2 shows the reactions obtained with extracts of I I strains against antiserum R I . Antisera raised against ~6 gave a similar reaction, an extra line being formed with the homologous extract. However, the antiserum to ~2 which had been raised using the veronal buffer extract as vaccine did not give rise to the extra reacting line with the homologous extract. Likewise an antiserum raised against ~6 using veronal buffer extract vaccine also failed to give a type reaction, although the species-specific reaction was present. The veronal buffer method of antigen preparation appears therefore, to result in species-specific antisera.
Extracts of the four other strains of Bucteroides rurninicola failed to react with the antisera. Antisera were raised against two of these strains, B/GA33 and ~/ 2 3 .
Such antisera reacted only with their homologous extract, and even after long courses of inoculation and different methods of vaccine preparation showed no cross-reactions with extracts of the other B. ruminicolu strains.
With all of these antisera two precipitin bands were observed, indicating the presence of two antigens.
Absorption tests. The absorption of antiserum B 6 with homologous cells removed the precipitating antibodies against extracts of all the organisms which previously reacted. When this antiserum was absorbed with cells of strains R I , ~3 , ~4 or ~5 all precipitating 279 Serology of rumen Bacteroides antibodies were removed except those between the homologous extract and the antiserum, indicating that the type-specific antibody remained. Absorption with cells of strains ~/ 2 3 or B / G A~~ did not remove the species-specific or type antibodies from the antiserum.
Immunoelectrophoresis. When HCl extracts were subjected to electrophoresis and then reacted with antiserum B6, all the precipitin arcs were in the same position ( 2 -5 mm. from the point of origin towards the positive). Only the HCl extract of B6 showed a second arc which remained almost at the point of origin, and which indicated the presence of a second, strain specific, antigen.
Reaction with extracts of other rumen Bacteroides. No reaction was observed when extracts of Bacteroides amylophilus or B. succinogenes strains were tested against B. rurninicola antisera by ring precipitation or immunodiffusion. 
Agglutination t es ts
The titres of antisera raised against ~6 , R I , B/GA33 and ~/ 2 3 when tested with the homologous strains were all low and varied from 1/40 to 11320. No agglutination occurred with any of the 1 1 heterologous strains even at a dilution as low as 1 / 1 0 . These low titres confirmed the low antigenicity of Bacteroides ruminicola cells as antigens. The absence of cross-reactions of strains with antisera B6 and R I indicated that only the type-specific antigen was concerned in the agglutination reaction.
Indirect Jluorescent antibody tests
Using antisera B6 and R I , strong fluorescence was obtained with the homologous strain but not with any of the 1 1 heterologous strains; formol-killed or heat-killed cells, 6 h. or 18 h. old were used but no fluorescence was observed. It was evident that only the type antigen was taking part in the antigen-antibody reaction of the whole cells.
Further characteristics of the species-speciJic antigen of Bacteroides ruminicola
Wall preparations of strains B 6, B 5, R I and R 2 extracted with lysozyme or with 0.05 N-HCI showed positive precipitin reactions when tested against species-specific antisera B 6 and R I and also a type reaction when ~6 wall extracts were tested against the homologous antiserum, indicating, as expected, that both species-specific and type antigens occurred in the wall. 
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Treatment of preparations with periodate (I %, 37", 18 h.) or with pronase (0.02 % (w/v) in 0.02 M-phosphate buffer, pH 7.4) showed that all serological reactivity was destroyed by the periodate but not by the pronase treatment. Further attempts were made to purify the species-specific antigen, including extraction by other methods such as ether, water and veronal buffer, and separation on columns of Sephadex G 150, G200, Sepharose 4B and DEAE cellulose ion exchange column (J. Brock, personal communication). However, serological tests showed that it was not possible to separate the species-specific and type antigens from each other by these methods. 
Bac tero ides am y lop hilus Ring precipitin and immunodi8usion tests
Antisera were obtained by inoculating rabbits with formol-killed cells of strain Bacteroides amylophitus A/H I 8 or with heat-killed cells of strains ~6 or A I I. The method of treating the cells of different strains was chosen at random.
Potency of extracts. Antiserum A/H I 8 reacted by ring precipitin and immunodiffusion tests with extracts of the homologous strain prepared by some of the different methods used previously. Lysozyme, autoclaved, ether-water, phenol-water and HCl extracts all gave satisfactory reactions. The acetic acid extract, however, gave only one band with the homologous antiserum whereas the others each gave two bands (Fig. 3) . The species-specific reaction (the position of which was determined by reacting antisera with homologous and heterologous extracts) is the inner reacting band. A comparison of the times taken for precipitin rings to form with phenol water, HCl and ether-water extracts of strains A / H I~, A I , A 2 and ~6 and antisera to A/H 18, A 6 and A I I showed that reactions occurred more rapidly with the HCl extracts, and in three cases a species-specific reaction was observed with HCl extracts but not with phenol or ether extracts. For this reason, and also to keep the technique similar to that used for Bacteroides ruminicola extracts, HCl extracts were used for further work. When such extracts of I I strains of B. amylophilus were reacted with antiserum to strain A / H I~, single lines of identity were formed with eight heterologous strains and with the homologous strain. In addition, an extra band was observed with the homologous strain. Two strains gave no reaction. Similar results were obtained with antiserum to strain A I I except that one heterologous strain also showed a second reaction of identity Serology of rumen Bacteroides 28 I with the type antigen, in addition to the species-specific reaction (Fig. 4) . Antiserum to strain ~6 gave similar but much weaker reactions. Absorption of antiserum to strain A I I with strain A/H 18 removed the species reaction from the antiserum, leaving only the type reaction. These results indicated once again the presence of two antigens : species-specific and strain (type)-specific.
Reactions with other species of rumen Bacteroides. Extracts of strains of Bacteroides ruminicola and B. succinogenes did not react with the B. amylophilus antisera. 
A gg Iu t ina t ion tests
Antiserum to A/H 18 had a low titre of 1/80 to the homologous organism, but antiserum to A I I had a titre of 1/2560, unusually high for rumen Bacteroides. None of the nine heterologous organisms tested reacted with either antiserum when diluted only I /20. Only the type-specific antigen took part in agglutination reactions. However, strain A I, which showed a type reaction of identity with strain A I I by immunodiffusion, did not do so by agglutination.
Indirect fluorescent antibody tests
When suspensions of ten strains of Bacteroides amylophilus were reacted, using two species-specific antisera raised against strain A I I and A/H 18, seven of these strains gave a positive reaction whilst three were negative. The reactions were stronger with antiserum to A I I than with antiserum to A/H 18. Thus a wider range of reactivity than the type-specific one shown by B. ruminicola was observed. One of the strains not giving a positive reaction was negative by precipitin tests, but the other two were positive. Increased concentrations of reactants, such as fluorescent antibodies or B. amylophilus antiserum, did not produce any further positive results. Strains of B. ruminicola and B. succinogenes did not react.
Bacteroides succinogenes Ring precipitin and immunodifusion tests
Antisera were prepared against strains s85 and s2. At least three courses of inoculation were necessary to obtain potent cross-reacting antisera. When extracts prepared by different methods were used (ether-water, autoclaved, HCl, lysozyme), all gave similar reactions by immunodiffusion. The phenol-water extract gave a very weak reaction and the acetic acid extract gave only one line of reaction with the homologous antiserum whereas the others gave two lines. HCl extracts were used for further tests.
The results with antiserum to s85 are shown in Fig. 5 . After two courses of inoculation reactions of identity occurred with extracts of strain s85 and s3 but not with an extract of s2. After a further course of inoculations extracts of all three strains gave a reaction of identity. A type reaction was also present with the homologous extract. With antiserum to s2 slightly different results were obtained (Fig. 5 ). After two courses of inoculation with formol-killed cells a type antiserum only was obtained. After a third course with cells treated in the same way, antibodies were present which gave a reaction of complete identity between s85 and s3 extracts, but an extract of s2 showed a spur against both s85 and s3. A homologous type reaction was also present. Thus two of the strains of Bacteroides succinogenes possess a common antigen and the third possesses a related but not identical antigen. Both strains against which antisera were raised possessed their own type antigen.
Absorption tests. Absorption of antiserum to strain s85 with cells of s85, s2 or s3 removed all the reactions detected by ring precipitin test and by immunodiffusion. It is not understood why absorption with heterologous strains removed the type antibodies to antiserum s85 in addition to the species-specific antigen. Strain s2 had sufficient antigenic similarity to strain s85 to absorb all the antibody from the s85 antiserum.
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Serology of rumen Bucteroides Reactions wiith other rumen species of Bacteroides. No reactions occurred between extracts of Bacteroides ruminicola and B. amylophilus and the antisera to B. succinogenes.
Agglutination tests
With the homologous strains only low titres were observed, namely 1/40 for antiserum to s85 and 1/80 for the antiserum to s2, in spite of long courses of inoculation. Agglutination reactions with heterologous strains were not observed at a 1/20 dilution of antiserum.
Indirect J-Euorescent antibody tests
The three strains of Bacteroides succinogenes all reacted with antisera to s85 and to s 2 . Fluorescence of strain s3 was somewhat weaker than with the other two. Strains of the other two rumen species of Bacteroides did not show any reaction. Table 3 summarizes the reactions obtained with the different antisera and extracts of the rumen Bacteroides strains. * Antisera against R I and ~2 also show the same reactions.
-i One strain not completely identical with the other two.
Reactions of fresh isolates
Twenty strains of Bacteroides isolated from three cows were presumptively identified by physiological tests described by Hungate (1966) as Bacteroides ruminicola (M. J. Latham, personal communication). They were extracted with 0.05 N-HCl and examined by ring precipitin and immunodiffusion tests against the various species-specific antisera. Extracts of I I strains reacted with both antisera (one prepared against whole cells and the other against veronal buffer extract) to B. ruminicola R I and ~6 , giving a reaction of identity with each other and with B. ruminicola extracts. No strains reacted with antisera to B. amylophilus or B. succinogenes. No fresh isolates of these two latter species were available to test against the relevant antisera.
Reactions of non-rumen struins of Bacteroides
All 30 strains of the eight species examined grew well on medium M 10, although initially one or two oral strains grew rather slowly. This medium was designed specifically for rumen bacteria but it was considered desirable to use the same medium throughout this work.
When extracts of these strains were tested against species-specific antisera to rumen Bacteroides the five strains of Bacteroides oralis and one strain of B. melaninogenicus 284 M. E. S H A R P E reacted with antisera to B. ruminicola but not with any other antiserum ( Table 4) . None of the extracts of other species reacted with any antiserum.
Four strains of Bacteroides oralis, J I , 30, ~~3 3 3 and 15930, reacted with the speciesspecific antisera to R I and ~2 , and one strain, ~C M , reacted with antiserum to ~/ 2 3 . Immunodiffusion tests showed that in each case these were reactions of identity. One strain .fragilis 9343, ( 2 ) B. fragilis 228,  (3) B. fragilis 4361, (4) B. fragilis 3389, ( 5 ) B. fragilis 9344, (6) B. ruminicola ~2 . Extracts of all those strains tested against antisera to 2 strains of B. amylophilus, and to 2 strains of -= No reaction.
B. succinogenes, gave negative reactions.
of B. melaninogenicus ~~2 / 6 9 also reacted with antisera to R I and R 2 . This strain was a fresh isolate from a gingival plaque and was presumptively identified by Dr G. Bowden by its requirement for blood and by its ability to produce black colonies on blood agar. An antiserum raised against strain 30 reacted with extracts of strains of B. ruminicola which possessed the common species antigen, but not with strains B / G A~~ and ~/ 2 3 , which did not possess this antigen. In addition this antiserum reacted with the three strains of B. oralis ~C M and ~~3 3 3 and B. melaninogenicus ~~2 / 6 9 .
Reciprocal absorption tests of Serology of rum en Bac teroides 285 antiserum to B. ruminicola R I and antiserum 30 removed the species-specific reaction from each serum. Strain 30 therefore had a common antigen with B. ruminicola strains. Only when this work was finished was the rather anomalous position of this strain apparent. It was received by Dr M. P. Bryant as B. oralis var. oralis A T C C I~~~O but was found by him to produce black colonies and also to produce a c-type cytochrome rather than a b-type as produced by B. oralis 7CM (M. P. Bryant, personal communication) . In our hands the strains did not produce black colonies and the antiserum to it reacted with an extract of strain ATCC 15930. An antiserum raised against Bacteroides fragilis 9343 did not react with extracts of any of the rumen or non-rumen strains except the homologous strain and three other strains of B. fragilis: ~2 2 8 (formerly known as B. convexa), VPI 4361 (formerly known as Ristella pseudoinsolita) and VPI 3389 (formerly Sphaerophorus freundi). These four strains exhibited a complex relationship to each other (Fig. 6) very different from the results with the rumen strains.
DISCUSSION
This work has shown that, as Werner (1969) and Sonnenwirth (1970) hav: found with other species of Bacteroides, the rumen strains can be divided serologically by means of specific polysaccharide antigens into three groups broadly corresponding to the species defined by their physiological characteristics. It is possible that Bacteroides ruminicola may be divided into more than one serological group because only 1 1 out of 20 strains of fresh isolates of B. ruminicola were identified by the species-specific antisera used. Variations in physiological characteristics also suggest that more than one species is represented (Bryant, 1959; Hungate, 1966) . However, the division by physiological characteristics into subspecies B. ruminicola var. ruminicola and var. brevis is not observed serologically. Five and three strains respectively of these two varieties possessed the same antigen. In addition to the species-specific antigen each strain possessed its own antigen. Werner ( I 969) also observed the presence of more than one antigen; sometimes as many as four different antigen-antibody reactions with the homologous antigen and antiserum occurred. The methods used for extraction were in general those used by other workers for the extraction of endotoxin from Gram-negative bacteria. Verona1 buffer extraction was originally used by Barber et al. (1966) to obtain a protein fraction from Salmonella, which was found to be antigenic and to take part in 0 agglutination and precipitation. It was used here to see whether protein antigens might play a part in serological specificity of rumen Bacteroides. Such extracts had little strain-specific antigen and, on inoculation into rabbits, resulted in potent species-specific antisera and provided a useful method of preparing such antisera against B. ruminicola. However, veronal buffer extracts gave very weak species-specific reactions against antisera prepared against whole organisms or against veronal buffer extracts, and were not useful in characterizing Bacteroides rumen species. As the species-specific antigen for B. ruminicola was found to be a polysaccharide, it is assumed that most of the strainspecific antigen, which was shown serologically to be situated on the outer surface of the cell wall, was lost in the extraction and fractionation procedures, and that the speciesspecific antigen remained attached to the protein and was actively antigenic on immunization. The finding that rumen Bacteroides antigens were thermostable and acid-stable polysaccharides is in agreement with Sonnenwirth's (I 960) observations with other Bacteroides. It is of interest that the species antigen appeared to be a negatively charged polysaccharide, or to have protein adhering to it, as in immunoelectrophoresis it travels a considerable distance from the point of origin. Hobson, Mann & Smith (1962) used fluorescent antibody to demonstrate the presence of an 0 antigen for Selenomonas ruminantiurn var. luctilytica, and Jarvis (1967) found this a useful method for identifying Ruminococcus albus and R.JEavefaciens. These authors found that fluorescent antibody technique demonstrated wider relationships than those shown by agglutination and considered that this was due to antigens reacting which were not on the cell surface but deeper in the wall. With B. ruminicola, however, a comparison of agglutination tests with precipitin tests showed that the strain-specific antigen masked the species-specific antigen and prevented agglutination with species-specific antibody present in the sera. It is possible that this antigen also prevented the fluorescent antibody speciesspecific reaction, although with B. amylophilus and with B. succinogenes satisfactory species-specific reactions were observed. Also, serological reactions between whole cells and species-specific antibodies of B. ruminicoZa must occur because whole cells of a related heterologous strain could be used to absorb all the species-specific antibodies present in an antiserum. As absorption with a heterologous non-reacting strain such as B/GA33 did not remove the antibody, the effect was not due to nonspecific absorption. It could be that if the reaction does take place, it occurs so deeply within the wall that even with the indirect immunofluorescence technique the fluorescent antibodies are too deeply embedded to show any fluorescence. With the direct fluorescent antibody test too only a strain-specific reaction was observed.
Serological relationships of Bacteroides ruminicola with other species of Bacteroides appear to be confined to B. oralis and to a strain of B. meluninogenicus. Strain ~C M is the type strain for B. oralis var. oralis (Loesche, Socransky & Gibbons, 1964) and reacts with antiserum to B. ruminicola ~1 2 3 .
The four other strains ofB. oralis react with the species-specific B. ruminicofa antiserum, suggesting that if serological and physiological characteristics could be correlated further subdivision of B. oralis may be possible. Reddy & Bryant (1967) found that three strains of B. oralis each had a different type of cytochrome, one strain having the same type of cytochrome as B. ruminicola. These two species have similar physiological characteristics (Loesche et al. I 964; VPI Anaerobe Laboratory, I 970), except that the latter species is more proteolytic. Reddy & Bryant (1967) also suggested that B. ruminicola and some B. fragilis strains may be closely related. However, no serological relationship between the two species was detected.
Bacteroides melaninogenicus is probably a physiologically heterogeneous group (Courant & Gibbons, 1967; Reddy & Bryant, 1967; Beerens, 1970) , although Barnes & Goldberg (1968) found that four strains which they examined had a high percentage similarity. Serologically, Courant & Gibbons (1967) found that no meaningful serotypes could be distinguished. It is therefore perhaps not surprising that one of the reacting strains examined in this work was presumptively identified as B. mefaninogenicus, especially as Tracey (1969) suggests that pigmentation in Bacteroides may be a variable characteristic. However, the black pigmentation observed with several Bacteroides species may be simply a manifestation of the ability of the organism to produce H,S. Many strains of B. ruminicola grow as black colonies in the presence of cysteine and ferrous sulphate, due to H,S production from cysteine.
The author wishes to thank those people, mentioned in Table I , who were kind enough to provide strains of Bacteroides ; also Mr B. A. Phillips for excellent technical assistance.
